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Abstract 

Background: Non-Hodgkin's Lymphomas (NHL) are common in African children, with endemic Burkitt's lymphoma 
(BL) being the most common subtype. While the role of Epstein-Barr Virus (EBV) in endemic BL is known, no data 
are available about clinical presentations of NHL subtypes and their relationship to Human Immunodeficiency Virus 
(HIV) infection and Epstein Barr Virus (EBV) load in peripheral blood of children in north-western, Tanzania. 

Methods: A matched case control study of NHL subtypes was performed in children under 15 years of age and 
their respective controls admitted to Bugando Medical Centre, Sengerema and Shirati district designated hospitals 
in north-western, Tanzania, between September 2010 and April 201 1, Peripheral blood samples were collected on 
Whatman 903 filter papers and EBV DNA levels were estimated by multiplex real-time PCR. Clinical and laboratory 
data were collected using a structured data collection tool and analysed using chi-square, Fisher and Wilcoxon rank 
sum tests where appropriate. The association between NHL and detection of EBV in peripheral blood was assessed 
using conditional logistic regression model and presented as odds ratios (OR) and 95% confidence intervals (CI). 

Results: A total of 35 NHL cases and 70 controls matched for age and sex were enrolled. Of NHLs, 32 had BL with 
equal distribution between jaw and abdominal tumour, 2 had large B cell lymphoma (DLBCL) and 1 had NHL-not 
otherwise specified (NHL-NOS). Central nervous system (CNS) presentation occurred only in 1 BL patient; 19 NHLs 
had stage I and II of disease. Only 1 NHL was found to be HIV-seropositive. Twenty-one of 35 (60%) NHL and 21 of 
70 (30%) controls had detectable EBV in peripheral blood (OR = 4.77, 95% CI 1.71 - 13.33, p = 0.003). In addition, 
levels of EBV in blood were significantly higher in NHL cases than in controls (p = 0.024). 

Conclusions: BL is the most common childhood NHL subtype in north-western Tanzania. NHLs are not associated 
with HIV infection, but are strongly associated with EBV load in peripheral blood. The findings suggest that high 
levels of EBV in blood might have diagnostic and prognostic relevance in African children. 
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Background 

Non-Hodgkin's Lymphomas (NHLs) are common in 
African population and several histological subtypes 
with different clinical presentations and treatment options 
have been described based on the WHO classification of 
the mature B-cell neoplasm [1]. Worldwide, reports on the 
incidence of lymphomas are variable, with 60% of all 
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childhood lymphomas being classified as NHL, represen- 
ting 8% of all childhood malignancies [2-4]. 

In Equatorial African countries, the most common sub- 
type of NHL in children is endemic Burkitt's lymphoma 
(BL) [5-7], possibly due to the high prevalence of malaria, 
Human Immunodeficiency Virus (HIV) and Epstein Barr 
Virus (EBV) infections in this region [5]. The magnitude of 
NHL in Tanzania is unknown because of the lack of a 
national cancer registry. However, a recent clinical study in 
north western Tanzania reported an incidence of endemic 
BLof4.2 per 100,000 [8]. 
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The clinical presentation of childhood NHL depends 
primarily on the subtype and the site of involvement. 
Approximately 70% of children who present with NHL 
have advanced disease (i.e., stage III or IV) and/or have 
metastatic involvement including bone marrow and 
central nervous system (CNS) [9-11]. 

Endemic BL is commonly seen in children aged 4-9 years 
[12] and presents with a painful jaw tumour, loose or 
disarranged teeth [13] and less commonly with abdominal 
mass or paraspinal disease. However, few African studies 
reported a predominance of abdomen over jaw mani- 
festation [14,15]. Bone and bone marrow involvement is 
unusual. Sporadic childhood BL is more evident in white, 
male children and commonly presents with enlarged 
lymph nodes and abdominal tumours [16]. 

Childhood lymphoblastic lymphoma is commonly 
manifested by either intrathoracic and/or mediastinal 
mass, with various forms of respiratory distress, bilateral 
pleural effusions and hepatosplenomegaly [17] and 
rarely involve both the CNS and bone marrow [18]. 
Large B-cell lymphoma presents with an abdominal or 
mediastinal mass, enlarged lymph nodes and rarely 
involve both the CNS and bone marrow [2] . 

In African children, the association between NHL and 
HIV is uncertain. Two studies from Uganda and Rwanda 
described a relationship between NHL and HIV infection 
[19,20] but most studies, including those with cases 
confirmed by histology, reported no association between 
HIV and BL [21-23]. 

In paediatric patients, studies have reported an asso- 
ciation between EBV and NHL in 21-25% of cases 
[24,25] and even 100% in children with primary and 
acquired immunodeficiency [26]. Moreover, 95% of en- 
demic BL have been reported to be EBV positive compared 
to 15 to 20% of the sporadic BL cases [4,7,8]. Both EBV 
type 1 and EBV type 2 have been associated with BL, with a 
predominance of EBV type 1 [17,27-30]. However, very lit- 
tle is known about EBV load in peripheral blood of African 
children with NHL. A study in samples from Malawi 
reported higher EBV DNA loads in peripheral blood of 
children with BL compared to their controls [31]. 

The aim of this study was to describe the subtypes and 
clinical presentations of NHL in children in north-western 
Tanzania and their relationship with HIV infection and 
EBV load in peripheral blood. 

Methods 

Study area and population 

This was a case control study, done in paediatric and onco- 
logy wards of the three clinical centres in north-western 
Tanzania, namely Bugando Medical Centre (BMC), 
Sengerema and Shirati designated district hospitals in 
Mwanza and Mara regions, between September 2010 
and April 2011. BMC is the zonal consultant and 



teaching hospital located in Mwanza city; it has a 900 
bed capacity and it serves around 14 million people 
from 6 regions of the Lake Zone, namely Mwanza, 
Kagera, Shinyanga, Tabora, Mara and Kigoma. About 
five children with tumours are admitted monthly for 
investigation and treatment. Sengerema and Shirati 
DDH have approximately 300 and 200 bed capacities, 
respectively, and they each serve around 30 and 15 cases 
of childhood lymphomas every year. 

Cases were enrolled if they were <15 years of age with a 
diagnosis of NHL and if consent from caretakers to par- 
ticipate in the study was obtained. Controls were included 
if they were admitted to the general paediatric wards with 
non-malignant conditions and were matched for age and 
sex with NHL cases. Children with malignancies that 
overlapped NHL, e.g. acute lymphoblastic leukaemia, and 
children with relapse of NHL were excluded from the 
study. 

Sample size estimation 

Sample size was calculated using OpenEpi software, version 
2 [32], in which Fleiss formulae for case control studies was 
applied to determine the appropriate sample size for a 
power of 0.8 and significance level of 0.05. The minimum 
sample size for cases was 1/3 (33) and for controls was 2/3 
(66) making the minimum sample size of 99. 

Study clinical procedures 

All consecutive NHL cases were recruited until the 
required sample size was attained, whereas simple 
randomization was done to select two controls per each 
case from all eligible patients. The investigator or trained 
research assistant either admitted the patient or reviewed 
the files of all eligible children within 2 days of admission 
and using a structured data collection tool, demographic 
data, clinical data and required investigation results were 
recorded. 

To collect samples for cytological or histological 
diagnosis of NHL subtypes, fine needle aspiration of 
the tumour was carried out, using a needle of 25 or 27 
gauge and a 20 ml disposable plastic syringe, under 
sedation with midazolam (0.1 mg/kg) and ketamine 
(1 mg/kg), or tissue biopsy of the tumour was carried out 
under general anaesthesia. In the case of an abdominal 
mass, an ultrasound scan was used to guide the needle into 
the tumour. Fine needle aspirate was smeared between two 
standard microscope slides with one slide immediately 
fixed with 95% alcohol and the other air dried and then 
transported in a slide carrier to the histopathology labora- 
tory. Alcohol fixed smears were stained by Papanicolaus 
stain and air dried slides were prepared and stained with 
Giemsa. 

Tissue biopsies were taken in the operating theatre, fixed 
immediately with 10% formalin and then transported to the 
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pathology laboratory. Histology slides were stained with 
haematoxylin and eosin. At least two pathologists examined 
the slides under light microscopy and children with 
confirmed NHL diagnosis were enrolled in this study. 

Lumbar puncture was performed in order to obtain 
cerebral spinal fluid (CSF) for cytological evaluation. A 
sterile 22, 38 mm gauge lumbar puncture needle (BD 
spinal needle) was inserted between the fourth and fifth 
lumbar vertebrae and the stylet withdrawn to allow about 
5 ml of CSF to freely flow through the needle into the 
sterile tube which was then sent to the pathology labora- 
tory to detect the presence or absence of cancer cells. 
Presence of cancer cells in the CSF indicated involvement 
oftheCNS. 

Bone marrow aspiration was performed, using a 13,5 cm 
gauge bone marrow needle (Jamshidi bone marrow 
aspiration needle), under sedation with midazolam and 
ketamine; 1, 2 ml of bone marrow were aspirated into the 
syringe and then smeared on 8 slides (4 fixed with alcohol 
and 4 without fixation) that were air dried and sent to the 
pathology laboratory for cytological analysis. Presence of 
lymphoma cells indicated bone marrow involvement. 

NHL staging was done using the St. Judes staging of 
childhood NHL [33]. 

Blood was drawn from the median cubital vein and 
collected in plain and EDTA bottles and then sent to the 
haematology and biochemistry laboratories for analysis of 
complete blood count and erythrocyte sedimentation rate, 
serum creatinine, alanine amino transferase and aspartate 
amino transferase. 

The Tanzania national algorithm for HIV testing was 
followed to determine the HIV status of both cases and 
controls, using two antibody tests, the SD Bioline (SD 
Standard Diagnostics, Inc) and the Determine (Determine 
HIV 1/2 Serum/Plasma Assays); the second test was carried 
out in samples reactive to the first test. Those samples that 
were reactive to the first and second tests were considered 
to be HIV positive. Discordant results were subjected to 
a third test, Unigold (The Trinity Biotech PLC) [34]. 
Counselling on HIV testing was done and consent was 
sought prior to testing. Among HIV positive children, CD4 
cell count was measured using Facscount (BD, San Jose, 
California, USA). 

Blood collection and DNA elution 

Approximately 50 ul of blood was spotted onto each circle 
of Whatman 903 filter paper and then dried at room 
temperature overnight. Dried Blood Spots (DBS) were 
stored in individual ziplock bags containing a desiccant, 
and sent to the laboratory of the Department of Surgery, 
Oncology and Gastroenterology, Section of Oncology and 
Immunology, University of Padova, Unit of Viral 
Oncology-IOV IRCCS, Italy. From each 50 ul DBS, three 
3 mm-diameter circles, equivalent to 5 ul of whole blood 



each for a total of 15 ul whole blood, were used to extract 
DNA with the DNA Micro Kit (Qiagen, Hilden, Germany) 
and resuspended in 50 ul final volume. 

EBV-DNA quantification 

To control the ability of the eluted DNA from DBS to be 
amplified, 5 ul of DNA from each sample were amplified 
for the human telomerase reverse transcriptase (hTERT) 
located in the 5pl5.33 (Gene Bank accession: AF128893), 
employed as housekeeping gene. Amplification was carried 
out as previously described [35]. A quantitative method 
based on Multiplex Real-Time PCR assay was performed to 
quantify EBV type 1 and EBV type 2, using a primer pair 
for the EBNA2 gene [36,37] and the probes designed to 
discriminate between EBV type 1 and EBV type 2 ( EBV 
type 1: 5-FAM-AAT CCT CCT ACC CTC TCT TTA 
TGC CAT GTG TGT-TAMRA-3'; EBV type 2: 5'-Cy5 
TGG GCT GTT AGT AGG GT-BBQ-3') [38]. A standard 
reference curve was obtained by five-fold serial dilution of 
two amplicons, one for EBV type 1 and the other for EBV 
type 2, and amplification was carried out, as already 
detailed [38]. The multiplex assay showed a dynamic range 
from 5 to 2x105 copies. The results were expressed as 
EBV-DNA copies/ml. In those who had both EBV 1 and 2, 
viral levels were added and their total viral loads were ana- 
lysed to investigate the association between NHL and EBV 
viral load. 

Statistical analysis 

Data were screened and edit checks were done to 
minimize data entry errors. Data were analysed with the 
STATA 11 software (College Station, Texas, USA). 
Categorical variables were summarized as percentages 
and were analysed by Chi-square or Fisher's exact tests 
where appropriate. Continuous variables were summarized 
as mean (standard deviation) or median (range) where 
appropriate. EBV-DNA levels of cases and controls were 
compared using Wilcoxon rank sum (Mann- Whitney) test. 
The association between NHL and EBV was investigated 
using conditional logistic regression model. Odds ratios 
(OR) and 95% confidence intervals (CI) were determined 
by maximum likelihood estimation. The data were consi- 
dered significant if the p-value was < 0.05. 

Ethical considerations 

Ethical approval was obtained from the Joint Bugando 
Medical Centre/Bugando University College of Health 
Sciences research and publication committee and guide- 
lines on ethical requirement for conducting research and 
sample transportation outside the country were adhered to. 
Confidentiality was assured and the study did not interfere 
with the decision of the attending physician in case of 
absence of the investigator. 
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Results 

Patient characteristics of NHL cases and controls 

35 NHL cases and 70 controls matched for age and sex 
were enrolled in this study. Among the NHL patients, 
21 (60%) were females and 14 (40%) were males {x 2 = 0.92, 
j?-value = 0.337). Age at presentation ranged from 3 to 
14 years with a peak age of 5 to 9 years (68.57%) and a 
mean age of 7.48 years (SD +/- 2.77). 

Of the 35 NHL cases, 32 patients had a diagnosis of BL, 
2 had diffuse large B cell lymphoma (DLBCL) and 1 had 
NHL-not otherwise specified (NHL-NOS). The controls 
were diagnosed with siclde cell anaemia (10, 14.3%), severe 
pneumonia (8, 11.4%), gastroenteritis (5, 7.1%), congenital 
heart diseases (5, 7.1%), urinary tract infections (5, 7.1%), 
rheumatic heart diseases (5, 7.1%), malnutrition (5, 7.1%), 
tuberculosis (4, 5.7%), nephrotic syndrome (3, 4.3%) and 
others infections or bleeding conditions (20, 28.8%). 

Clinical presentations of NHL cases 

The primary tumour site was recorded in all cases. Of the 
32 BL cases, jaw and abdomen had an equal distribution; 
16 cases (50%) in each tumour site. One BL patient had 
both abdominal and jaw involvement. Lymph nodes were 
enlarged in all non-BL NHL cases as the primary tumour 
site and these involved submandibular, axillary, cervical and 
inguinal lymph nodes. Axillary and inguinal lymph nodes 
were enlarged in two BL cases. Fever was reported in 11 



cases (31.4%) and anaemia in 28 cases (80%), of which 3 
(10.7%) had severe anaemia (Hb < 5 g/dl). 

Bone marrow was involved in the patient with NHL- 
NOS, whereas CNS presentation occurred in one BL pa- 
tient who was a 7 years old boy and presented with a jaw 
tumor involving the left eye and weakness of the lower 
limbs. He was HIV negative but EBV positive and had can- 
cer cells in the CSF. The majority of BL cases (19 of 32) 
had an early presentation (stage I or II), while the DLBCL 
and NHL-NOS had a late presentation (stage III and IV) 
(Table 1). Analysis of fever, anaemia and lymph node en- 
largement showed a significant association between fever 
and late stage presentation (p = 0.035). 

Association of NHL with HIV infection 

Only 1 NHL case and two controls were found to be 
HIV-seropositive. No significant association was found 
between NHL and HIV infection. 

Association of NHL with EBV infection, EBV subtypes and 
viral load 

Of the 105 DBS samples, 42 (40.0%) were found to be 
positive for EBV-DNA by PCR; therefore 42 subjects had 
detectable levels of EBV in their peripheral blood. Of this 
subgroup of EBV positive subjects, 21 cases and 21 con- 
trols (Table 2), 27 (64.3%) had EBV type 1, while 8 (19.0%) 
had both subtypes (EBV type 1 and 2). There was no 



Table 1 Clinical and demographic features of NHL patients 






NHL subtypes 




Total 




BL 


DLBCL 


NHL-NOS 




Number of cases 


32/35 (91.4%) 


2/35 (5.7%) 


1/35 (2.9%) 


35/35 (100%) 


Age 










1-4 


5/32 (1 5.6%) 


0/2 (0%) 


0/1 (0%) 


5/35 (143%) 


5-9 


21/32 (65.6%) 


2/2 (1 00%) 


1/1 (100%) 


24/35 (68.6%) 


10-15 


6/32 (18.8%) 


0/2 (0%) 


0/1 (0%) 


6/35 (17.1%) 


Sex 










Male 


14/32 (43.8%) 


0/2 (0%) 


0/1 (0%) 


14/35 (40%) 


Female 


1 8/32 (56.2%) 


2/2 (100%) 


1/1 (100%) 


21/35 (60%) 


Primary tumour site 










Jaw 


16/32 (50%) 


0/2 (0%) 


0/1 (0%) 


16/35 (45.7%) 


Abdomen 


16/32 (50%) 


0/2 (0%) 


0/1 (0%) 


16/35 (45.7%) 


Lymph Node 


0/32 (0%) 


2/2 (1 00%) 


1/1 (100%) 


3/35 (8.6%) 


CNS involvement 


1/32 (3.1%) 


0/2 (0%) 


0/1 (0%) 


1/35 (2.9%) 


a Bone marrow involvement 


0/1 1 (0%) 


0/11 (0%) 


1/11 (9.1%) 


1/11 (9.1%) 


Fever 


9/32 (28.1%) 


1/2 (50%) 


1/1 (100%) 


11/35 (31.4%) 


Anaemia 


26/32 (81.3%) 


1/2 (50%) 


1/1 (100) 


28/35 (80%) 


Clinical stage 










Early (l/ll) 


1 9/32 (59.3%) 


0/2 (0%) 


0/1 (0%) 


1 9/35 (543%) 


Late (WW) 


1 3/32 (40.7%) 


2/2 (100%) 


1/1 (100%) 


16/35 (45.6%) 



' Bone marrow sampling was done in 1 1 only cases because of unavailability of facilities in two study sites. 
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significant difference between EBV subtypes and either age 
(Fishers exact test = 1) or sex (fisher exact test = 0.213). 
twenty one of 35 (60%) NHL patients had EBV detectable 
in peripheral blood compared to 21 of 70 (30%) controls; a 
significant association was found between NHL and EBV 
(OR = 4.77, 95% CI = 1.71 - 13.33, p -value = 0.003) 
(Table 2). 

EBV levels were not normally distributed. Hence, a two 
sample Wilcoxon rank sum test (Mann-Whitney test) was 
used to analyse the median viral load distribution between 
cases and controls. This analysis showed a significantly 
higher median viral load in cases compared to controls 
(p-value = 0.024) (Table 2). 

Analysis of cases revealed no significant association 
between EBV status and demographic characteristics or 
clinical presentation (Table 3). 

Discussion 

In this study, the most common subtype of NHL was found 
to be BL, a finding similar to previously reported studies 
[7]. This frequency might be due to the causal relationship 
between BL and co-infections with malaria and EBV in the 
north-western regions of Tanzania, which are considered 
part of the "lymphoma belt" of Africa. BL should therefore 
be highly suspected in cases of childhood NHL. 

The common age at presentation in this study was 
similar to previous studies, with the majority of patients 
ranging from 5 to 9 years [12,13]. However, conversely 
to other studies [2,3] females were more affected than 
males; this might have been due to the small number of 
cases reported in this study. Nevertheless, there was no 
statistically significant relationship between NHL and 
gender. 

The majority of patients in this study were in an early 
stage of disease at presentation, possibly due to ongoing 
sensitization programmes and an increase in the number of 
hospitals that provide free cancer treatment in the Lake 
zone regions in recent years, compared to the past treat- 
ment modalities for NHL cases [2,9-11]. The increased 
awareness of cancer management, easier accessibility and 

Table 2 Frequency of EBV detection and EBV load in NHL 
patients and controls 

NHL p value 



Table 3 EBV status and demographic characteristics and 
clinical presentations in NHL cases 





Cases 


Controls 




EBV-positive detection in 
blood 


21/35 (60%) 


21/70 (30%) 


0.003 


EBV sub-type 








EBV-1 


11/21 (52%) 


16/21 (76%) 




EBV-2 


5/21 (24%) 


2/21 (10%) 




EBV type 1 & 2 


5/21 (24%) 


3/21 (14%) 




EBV viral load count Median 
(range) copies/ml 


4720 (988- 
6250164) 


2525 (1290- 
1 9452) 


0.024 



EBV-DNA 
positive 



EBV-DNA 
negative 



P- 
value 



Age 



Sex 



1-4 years 
5-9 years 
10-14 years 

Male 
Female 

NHL subtype 

BL 

Non-BL 

Primary anatomical 
site 

Jaw 

Abdomen 

Lymph nodes 

Clinical stage 

Early 
Late 



2 (40%) 
1 7 (70.8%) 
2 (33.3%) 

10 (71.4%) 

11 (52.4%) 

1 9 (59.4%) 
2 (66.7%) 



7 (43.8%) 
1 2 (75%) 
2 (66.7%) 

10 (52.6%) 



3 (60%) 
7 (29.2%) 
4 (66.7%) 

4 (28.6%) 
1 0 (47.6%) 

1 3 (40.6%) 
1 (33.3%) 



9 (56.2%) 

4 (25%) 

1 (33.3%) 

9 (47.4%) 

5 (31.4%) 



0.813 



0.22 



0.652 



0.247 



0.332 



better healthcare provided by these hospitals today may 
have sensitized more patients to present early for 
treatment. 

Jaw and abdomen were the most common primary 
tumour sites in patients with BL. While other studies 
reported more jaw BL in African children [14], we found 
no predominance of jaw over abdominal presentation. One 
reason for more jaw BL cases might be an easier access to 
jaw tumours for diagnostic purposes compared to abdo- 
minal tumours which require more expertise and diagnostic 
facilities than were not available in the past. 

Lymph nodes were involved in all non-BL NHL subtypes. 
Only 1 patient presented with CNS disease, which is more 
commonly observed in sporadic BL [11,14]. As previously 
reported [14], bone marrow involvement was rare. How- 
ever, a Brazilian study reported 23% of cases with primary 
bone marrow disease [11]. We could not rule out a possible 
underestimation since bone marrow sampling was not done 
in all cases because of unavailability of facilities in two sites. 

HIV is believed to act as a trigger in the causation or 
progression of some cancers because of its ability to cause 
immune depression. Only one case and two controls were 
found to be HIV-seropositive and, in agreement with 
previous observations [21-23], this study did not find any 
significant association between childhood NHL and HIV 
infection. 

A statistically significant association was found between 
NHL and EBV detection in peripheral blood, with a 
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predominance of EBV type 1. Furthermore, children with 
NHL had higher viral load in their peripheral blood than 
EBV positive controls. The high level of EBV in blood may 
be relevant in predicting tumour burden, prognosis and 
possibly the outcome of chemotherapy. Moreover, the 
strong association between NHL and EBV may suggest that 
control subjects with high detectable levels of EBV in blood 
might be at higher risk of developing lymphoma. 

Additional community-based studies should be done in 
order to identify the common EBV subtypes circulating in 
Tanzanian children and to predict their causal relationship 
with NHLs in Tanzania. 

Conclusions 

BL is the most common childhood NHL subtype in 
north-western regions of Tanzania with rare CNS and 
bone marrow involvement. NHLs are not associated 
with HIV infection, but are strongly associated with EBV 
load in blood. Children with NHL at presentation had 
significantly higher frequency and higher levels of EBV 
in the peripheral blood than age matched controls. 
Overall, these findings suggest that EBV load in blood 
might be a diagnostic and prognostic marker for the 
onset and monitoring of NHL in African children. EBV 
detection in blood is less invasive and expensive than 
EBV detection in histological samples. Additional studies 
in larger populations are required to validate the diagnostic 
and prognostic value of EBV load in blood. 

Competing interests 

The authors declare that they have no competing interest and this work was 
supported in part by Programma Integrato Oncologia (RO 4/2007). 

Authors' contributions 

RK; Designed the study, collected and analyzed data, interpreted the results 
and drafted the manuscript. NM; Designed the study, analyzed data, 
interpreted the results and reviewed the manuscript. PR; Designed the study, 
carried out pathological analysis of samples and reviewed the manuscript. 
EK; Designed the study, analyzed data, interpreted the results and reviewed 
the manuscript. BK; Analyzed data, interpreted the results and reviewed the 
manuscript. AD; Carried out molecular studies, interpreted the results and 
reviewed the manuscript. RP; Carried out molecular studies. DM; Designed 
the study, analyzed data, interpreted the results and reviewed the 
manuscript. All authors read and approved the final manuscript. 

Acknowledgements 

Authors would like to thank Dr. Harusha (Sengerema DDH) and Biko Steven 
(Shirati DDH) for accurate completion of the data collection forms and 
sample collection and the laboratory team in Padova-ltaly and Bugando 
Medical Centre in Mwanza-Tanzania, for their hard and tireless work in 
dealing with the DBS samples in a timely manner. We would also like to 
acknowledge all the children who were involved in this study for their 
contribution in better understanding of this common childhood malignancy. 

Author details 

'Department of Pediatrics and Child Health, Bugando Medical Centre, P.O. 
Box 1370, Mwanza, Tanzania, department of Oncology, Bugando Medical 
Centre, P.O. Box 1370, Mwanza, Tanzania, department of Pathology, Catholic 
University of Health and Allied Sciences - Bugando, P.O. Box 1464, Mwanza, 
Tanzania, department of Biochemistry and Molecular Biology, Catholic 
University of Health and Allied Sciences - Bugando, P.O. Box 1464, Mwanza, 
Tanzania, department of Surgery, Oncology and Gastroenterology, Section 



of Oncology and Immunology, University of Padova, Unit of Viral Oncology, 
IOV-IRCCS, Via Gattamelata 64 35128, Padova, Italy. 

Received: 12 July 2012 Accepted: 2 January 2013 
Published: 7 January 2013 



References 

1. The JES: WHO classification of lymphomas: implications for clinical 
practice and translational research. Hematology Am Soc Hematol Educ 
Program 2008, 2009:523-531. 

2. Sandlund JT, Downing JR, Crist WM: Non-Hodgkin's lymphoma in 
childhood. N Engl J Med 1 996, 334:1 238-1 248. 

3. Young JL Jr, Ries LG, Silverberg E, Horm JW, Miller RW: Cancer incidence, 
survival, and mortality for children younger than 15 years. Cancer 1986, 
58:598-602. 

4. Nunnari G, Smith JA, Daniel R: HIV 1 Tat and AIDS-associated cancer: 
targeting the cellular anti-cancer barrier? J Exp Clin Cancer Res 2008, 27:3. 

5. Mutalima N, Molyneux E, Jaffe H, Kazima S, Borgstein E, Mkandawine N, 
Liomba G, Batumba M, Lagos D, Gratix F, Boshoff C, Casabonne D, 
Carpenter LM, Newton R: Associations between Burkitt's lymphoma 
among children in Malawi and infection with HIV, EBV and Malaria: 
Results from a case-control study. PLoS One 2008, 3:e2005. 

6. Filipovich AH, Mathur A, Kamat D, Shapiro RS: Primary immunodeficiencies: 
genetic risk factors for lymphoma. Cancer Res 1992, 
52(Suppl):5465s-5467s. 

7. Goldsby RE, Carroll WL: The molecular biology of pediatric lymphomas. 
J Pediatr Hematol Oncol 1998, 20:282-296. 

8. Aka P, Kawira E, Masalu N, Emmanuel B, Brubaker G, Magatti J, Mbulaiteye 
SM: Incidence and trends in Burkitt lymphoma in northern Tanzania 
from 2000 to 2009. Pediatr Blood Cancer 2012, 59:1234-1238. 

9. Murphy SB, Fairclough DL, Hutchison RE, Berard CW: Non-Hodgkin's 
lymphomas of childhood: an analysis of the histology, staging, and 
response to treatment of 338 cases at a single institution. J Clin Oncol 
1989, 7:186-193. 

10. Diebold J: Burkitt's Lymphoma. In Pathology and genetics of tumours of 
haemopoietic and lymphoid Tissues. Edited by Jaffe E, Harris N, Stein H. 
Washington, DC: IARC Press; 2001:181-184. 

1 1 . Hassan R, Klumb CE, Felisbino FE, Guiretti DM, White LR, Stefanoff CG, Banos 
MH, Seuanez HN, Zalcberg IR: Clinical and demographic characteristics of 
Epstein-Barr virus-associated childhood Burkitt's lymphoma in 
Southeastern Brazil: epidemiological insights from an intermediate risk 
region. Haematologica 2008, 93:780-783. 

12. Mwanda OW, Rochford R, Moorman AM, Macneil A, Whalen C, Wilson ML: 
Burkitt's lymphoma in Kenya: geographical, age, gender and ethnic 
distribution. East Mr Med J 2004, (8 Suppl):S68-S77. 

13. Shapira J, Peylan-Ramu N: Burkitt's lymphoma. Oral Oncol 1998, 34:15-23. 

14. Ministry of Health and social welfare: Burkitt's lymphoma national treatment 
guidelines. Tanzania: Ocean Road Cancer Institute; 2009. 

ISBN 978-9987-9259-1-9. 

15. Ogwang MD, Bhatia K, Biggar RJ, Mbulaiteye SM: Incidence and 
geographic distribution of endemic Burkitt lymphoma in northern 
Uganda revisited. Int J Cancer 2008, 123:2658-2663. 

16. Mbulaiteye SM, Biggar RJ, Bhatia K, Linet MS, Devesa SS: Sporadic 
childhood Burkitt lymphoma incidence in the United States during 
1992-2005. Pediatr Blood Cancer 2009, 53:366-370. 

17. Araujo I, Foss H, Bittencourt A, Hummel M, Demel G, Mendonca N, Herbst 
H, Stein H: Expression of Epstein-Barr virus gene products in Burkitt's 
lymphoma in Northeast Brazil. Blood 1996, 87:5279-5286. 

18. Davi F, Delecluse H, Guiet P, Gabarre J, Fayon A, Gentilhomme O, Felman P, 
Bayle C, Berger F, Audouin J, Bryon PA, Diebold J, Raphael M: Burkitt-like 
lymphoma in AIDS patients: Characterization within a series of 103 
human immunodefiency virus-associated non-Hodgkin's lymphomas. 
Burkitt's Lymphoma Study Group. J Clin Oncol 1998, 16:3788-3795. 

19. Newton R, Ziegler J, Valerie B, Edward M, Lucy C, Henry W, Sam M, Paul A, 
Gillian R, Harold J: A case-control study of Human Immunodeficiency 
Virus infection and cancer in adults and children residing in Kampala. 
Uganda Int J Cancer 2001 , 92:622-627. 

20. Newton R, Grulich A, Beral V, Sindikubwabo B, Ngilimana PJ, Nganyira A, 
Parkin DM: Cancer and HIV infection in Rwanda. Lancet 1995, 
345:1378-1379. 



Kabyemera et al. BMC Pediatrics 201 3, 1 3:4 Page 7 of 7 

http://www.biomedcentral.eom/1471-2431/13/4 



22. 



23. 



24. 



25. 



26. 



27. 



28. 



29. 



30. 



32. 



33. 



34. 



35. 



36. 



37. 



38. 



Parkin MD, Garcia-Giannoli H, Raphael M, Martin A, Katangole-Mbidde E, 
Wabinga H, Ziegler S: Non- Hodgkin's Lymphoma in Uganda: a case 
control study. AIDS 2000, 14:2929-2936. 

Mbidde EK, Banura C, Kazura J, et al: NHL and HIV infection in Uganda. 

5th International Conference in Africa on AIDS. 1 990. 

Lazzi S, Ferrari F, Nyongo A, Polummo N, de Milito A, Zazzi M, Leoncini L, 

Luzi P, Tosi P: HIV-associated malignant lymphomas in Kenya 

(Equatorial Africa). Hum Pathol 1998, 29:1285-1289. 

Peh SC, Nadarajah VS, Tai YC, Kim LH, Abdullah WA: Pattern of Epstein-Barr 

virus association in childhood non-Hodgkin's lymphoma: experience of 

university of Malaya medical center. Pathol Int 2004, 54:151-157. 

Kim D, Ko Y, Sun Y, Koo H, Huh J, Lee W: Characteristics of Epstein-Barr 

virus associated childhood non-Hodgkin's lymphoma in the Republic of 

Korea. Virchows Arch 2005, 447:593-596. 

Chabay PA, De Matteo EN, Aversa L, Maglio S, Grinstein S, Preciado MV: 
Assessment of Epstein-Barr virus association with pediatric non-Hodgkin 
lymphoma in immunocompetent and in immunocompromised patients 
in Argentina. Arch Pathol Lab Med 2002, 126:331-335. 
Klumb CE, Hassan R, De Oliveira DE, De Resende LM, Carrico MK, De 
Almeida Dobbin J, Pombo-De-Oliveira, Bacchi CE, Maia RC: Geographic 
variation in Epstein-Barr virus associated Burkitt's lymphoma in children 
from Brazil. Int J Cancer 2004, 108:66-70. 

Anwar N, Kingwa DW, Bloch AR, Mourad M, Raffeld M, Franklin J, Magreth I, 
el Balkainy N, Jaffe ES: The investigation of Epstein-Barr viral sequences in 
41 cases of Burkitt's lymphoma from Egypt. Epidemiologic correlations. 

Cancer 1995, 76:1245-1252. 

Boyle MJ, Sewell WA, Sculley TB, Apolloni A, Turner JJ, Swanson CE, 
Penny R, Cooper DA: Subtypes of Epstein-Barr virus in human 
immunodeficiency virus-associated non-Hodgkin's lymphoma. 

Blood 1991, 78:3004-3011. 

Cavdar AO, Yavuz G, Babacan E, Gozdasoglu S, Unal E, Ertem U, Parmir A, 
Yucesan S, Gokcora H, Uluoglu O, Ikinciogullari A: Burkitt's lymphoma in 
Turkish children: clinical, viral [EBV] and molecular studies. Leak 
Lymphoma 1994, 14:323-330. 

Stevens SJ, Vervoort MB, Van der Brule AJ, Meenhorst P, Meijer CJ, 
Middledorp JM: Monitoring of Epstein - Barr virus DNA Load in Peripheral 
Blood by Quantitative Competitive PCR. J Clin Microbiol 1999, 
37:2852-2857. 

Kelsey, ef al: Methods in Observational Epidemiology 2nd Edition, Table 12-15 
Fleiss, Statistical Methods for Rates and Proportions, formulas 3.18 &3.I9. 
New York: Oxford University Press; 1996. 

Murphy SB: Non-Hodgkin's Lymphoma in Children. N Engl J Med 1978, 
299:1446-1448. 

National AIDS Control Programme: National Guidelines for the clinical 
management of HIV and AIDS. 2nd edition. 2005. 

Abbate I, Zanchetta M, Gatti M, Gabrielli L, Zanussi S, Milia MG, Lazzarotto T, 
Tedeschi R, Ghisetti B, Clementi M, De Rossi A, Baldanti F, Capobianchi MR: 
Multicenter comparative study of Epstein-Barr virus DNA quantification 
for virological monitoring in transplanted patients. J Clin Virol 201 1, 
50:224-229. 

Righetti E, Ballon G, Ometto L, Cattelan AM, Menin C, Zanchetta M, 
Chieco-Bianchi L, De Rossi A: Dynamics of Epstein-Barr virus in 
HIV-1 -infected subjects on highly active antiretroviral therapy. 

AIDS 2002, 16:63-73. 

Burighel N, Ghezzi S, Nozza S, Del Bianco P, Lazzarin A, Tambussi G, Poli G, 
De Rossi A: Differential dynamics of Epstein-Barr virus in individuals 
infected with human immunodeficiency virus-1 receiving intermittent 
interleukin-2 and antiretroviral therapy. Haematologica 2006, 91:244-247. 
Petrara MR, Cattelan AM, Zanchetta M, Sasset L, Freguja R, Gianesin K, 
Cecchetto MG, Carmona F, De Rossi A: Epstein -Barr virus load and 
immune activation in Human Immunodeficiency Virus type 1-infected 
patients. J Clin Virol 2012, 53:195-200. 



doi:10.1 186/1471-2431-13-4 

Cite this article as: Kabyemera ef al.: Relationship between Non- 
Hodgkin's lymphoma and blood levels of Epstein-Barr Virus in children 
in north-western Tanzania: a case control study. BMC Pediatrics 2013 13:4. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



